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WII. A Memoir \ containing Obfervations of a Solar Eclipfe> O&o- 
ber 27, 1780, made at Beverly : Alfo of a Lunar Eclipfe, 
March 29* 1782, — of a Solar Eclipfe, April 12, and of the 
Tranft of Mercury over the Suns Difc, November 12, the' 
fame Year, made at the Pref dent's Hotife in Cambridge. By 
the Rev. Joseph Willard, Pref dent of the Univerfty* 

^Obfervations of a Mar eclipfe, O&ober 27, 1780, at Beverly. 

I A T T E N D E D to my clock for a number of days before 
the eclipfe, but more particularly on the' 25th, 26th and 
27th. On each of thofe days, the ftate of the atmosphere was 
favourable for taking correfponding altitudes of the fun. I took 
a number of double altitudes, both of his upper and lower 
limb, in the forenoon and afternoon, with Hadleys odtant, by 
>refle£tion from a bowl of very clear oil of tar, which was of 
fuch a confidence as to prevent undulation from the air, and in 
which, the folar image was extremely well defined. I noted 
the times by the clock, when the limbs of the two images of 
the fun juft came into contad. The conjunction of the cen- 
ters I did not attempt to take, becaufe it cannot be determined 
with a certainty equal to the con tad: of the limbs. 

The equation for the change of the fun's declination, dur- 
ing the half interval between the forenoon and afternoon obfer- 
vations, was conftantly applied. 

Obfervations of correfponding double altitudes of the fun, Oc- 
tober 25. 
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Noon per clock 
Foren. obf. Aftern. obf. Intervals. \ Intervals. nearly. 

'8*50' 46" 3 h 7' $" 6hj6 ' l 9 fl 3 h 8 ' 9i" llh $ s '55? 
Sun's tower J 8 55 32 3 2 16 6 6 44 3 3 22 11 58 54 
limb. ) 9 o 24 257 30 5 57 6 2 58 33 11 58 57 

9 2 48 2 55 8 5 jp2 20 2 56 10 11 58 58 



{; 



Time of noon nearly by the clock, by a mean of the above eight obf. 11 58 $5 
Equation for change of declination in the i- interval, •+• 1 6 

Exad time by the clock, when G's center parted the meridian, 11 59 11 

Hence, the clock too flow for apparent time at noon, 49 

In like manner obfervations were made on the 26th and 27th, 
the refult of which it is fufficient to put down. 

On the 26 th,, 
When the fun's center paifed the meridian, it was, 

by the clock, allowing for the equation, n h 58' 16 

Hence, the clock too flow for app. time at noon» 1 45: 

On the 27th, 
When the fun's center paifed the meridian,, it was,,, 

by the clock, 11 $j 18 

Hence, the clock too flow for apparent time at noon, , 

on the day of the eclipfe, 2 42 

Lofs of the clock, refpe&ing apparent time> between- 

the noon of the 25 th and 26 th,. 56 

Ditto, 26th and 27th, 57 

In the morning of the 27th, the Reverend Mr. Cutler, of 
Ipfwich, and the Reverend Mr. Prince, of S a/em, favoured me 
with their company, to obferve the eclipie with me. Mr. Cut- 
ler and I were each furnifhed with % reflecting telefcope, made 
by Mann, of London, The magnifying power of Mr. Cutler s % 
was 34, and that of mine, 45 times. Mr. Prince s telefcope 
was an achromatic refraftor of 3 feet I tY original magnifying 
power was 16 ~ j but he increafed it to 43 times, by taking out 
the third glafs of the Hiding-tube,, and adding another eye-glafs 

o£ 
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r ?: 



of about an inch focus, We determined the magnifying power 
of our telefcopes by Hawk/bee's method. 

We fat down to our telefcopes about ten minutes before 
eleven o'clock, in a garden adjoining the room where the clock 
was fixed, ^and were fo fituated, that we could all very diftin&ly 
hear the perfon who counted the clock. Before we began to 
obferve, we agreed that each one fhould note his times of ob- 
servation, without fpeaking to the others, that all might deter- 
mine for themfelves, and no one might be in danger of being 
^difconcerted. 

We had a favourable time for obferving the beginning and end 
of the eclipfe. The immerfions and emerfions of a number 
of the folar fpots were attended to by us ; the fituations of 
which, upon the difc, we determined as near as we could, a 
little while before we fat down to our telefcopes. They then 
appeared to us as in Plate II. Fig. II. Mr. Prince had fixed 
parallel hairs in his refrador, dividing the fun's difc into four 
equal parts, horizontally. Thefe hairs, together with a verti- 
cal one in the center, affifted us much in fettling the places of 
the fpots. 

As we had no micrometer to meafure the magnitude of the 
eclipfe, we determined it by Dr. Walliss method, published in 
Whijlons Aftronomical Le&ures, p. 1 88, 1 89. The eclip&d 
parts of the fun, marked at the time of the greateft objura- 
tion, we afterwards meafured upon a diagonal fcale drawn for 
the purpofe, by which we could determine to the fiftieth part 
4if a digit. 

At the middle of the eclipfe, and for fome time "before and 
after it, there was a very great chilnefs in the air, and fo much 
liew fell, that the papers we ufed abroad became quite damp. 

R 2 The 
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The following are our Gbfervations of this eclipfe, adjuffcd 
to apparent time, 

yfr. WiSkri. Mr. Cutler. Mr. Prince. 

Beginning of the eclipfe, iik z' 48* rrfc r'42" nh V46" 

Immerfions of the weftern edges of folar fpots. 

No. 1, of the weftern fpots, 11 22 31 11 22 2% 11 22 41 

No. 1, of the north-eaftern fpots, 11 33 31 11 33 23 11 33 25 

No. 3, of ditto, 11 35 21 11 35 zz w 35 23 

A large fpot near the center, 11 36 56 11 36 54 jj 36 57 

Afouth-eafternfpot neareft the vert. diam. 12 11 34 12 11 37 

1 Emerfions of the e^ftern edges of folar ipots*. 

No. 2, of the wefbern fpots, 12 31 55 12 31 56 

No. 1, of the north-eaftern fpots, 12 53 50 12 53 47 12 54 4 

No. 2, of ditto, 12 54 53 12 54 57 12 55 o 

No.. 3, of ditto, 12 55 36 12 SS 3 6 l2 55 4 r 

No. 4, of ditto, 12 $6 32 12 56 31 12 56 38 

The large fpot near the center* 12 58 6 12 58 4 12 58 14 

The end of the eclipfe,. 1 41 26 1 41 23 1 41 29 

The duration, z 39 38 j2 39 41 2 39 43 

By our obfervation, the greateft obfeuration was at about 
1 2 h 2 1 ', apparent time, when the parts eclipfed were 1 1 dig. 24' 

The clock's rate of going was the lame, for feveral days fol- 
lowing the 27th, as* it had been for the two days preceding. 

N. B.. 1 . By twenty ^feven double altitudes of the fun, when 
upon the meridian, token with a Hadleys o&ant, very accu- 
rately conftru&ed, I have found the latitude of the houfe, where 
the foregoing obfervations were made, 42 ° 36' N> — —The 
houfe Hands facing the middle of the training-field, (fo called) 
in the firft parish in Beverly. . 

N.B. 2. By calculations from. the ohiervations of the fore- 
going eclipfe made at Beverly, and tho& made at Ckelfea, I find 
the difference of meridians to be 45" in time ,• which, ad4ed 
to 26", the difference between Chelfea and Cambridge, mafces 
1 ' 1 1 " for the difference between Cambridge and' Beverly. The 
difference between Beverly and Bembfeot, where ProfeiTor : Wil^ 

wayy 
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way, to be 8' 4", which makes the difference between Cam- 
bridge and Penobfcot 9 ' 15". The difference between Beverly 
and Providence, by dedu&ions from the obfervations, is 2' 18", 
which gives 1 ' 7" between Cambridge and Providence. 

O'bfervations of a lunar eclipfe, March 29, 1782, made at the. 
Prefident's houfe in Cambridge. 

The going of my clock was afcertained, for the obferving o£ 
this eclipfe, in the fame manner as for the foregoing one of 
Odober 27, 1780. 

Mr. Caleb Gannett obferved the eclipfe with me. The tele- 
icope I made ufe of was an achromatic refradtor, with a magni- 
fying power of 90. Mr. Gannett made ufe of a reflecting te- 
kfcope, of about the fame magnifying jpower. We had, upon 
the whole, a pretty favourable time ; though the earth's fha- 
dow, .at the moon, did not appear fo well defined as we could 
have wifhed.* 



The observations follow, 



Apparent Time. 

By Pref. Willard. By Mr. Gannett. 



Beginning of the eclipfe, 2 h i4' 7" 


2- h I4' 0" ■ A - M - 


Shadow touches Hat -palm * ... 22 5 1 


22 57 


Tycbo^ 27 21 


27 10 


covers I'ychoy . 29 16 


29 4 


touches Mare Crlftum, 32849 


3 28 10 


leaves Mare Crifiwn, 4 28 36 


4 28 17 


leaves Mare c tranquilitaiis 3 3 3 40 


34 7 


End of the eclipfe, 4 53 5° 


4 53 33 




Obfervations 



* In obfervations of different lunar eclipfes, when the ftate of the atmofphere, 
as far as the eye cobW determine, has been the fame, the earth's ihadov/ has ap- 
jKwed much better defined in one, than in another. 
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Obfervations of a folar eclipfe, April 12, 1782, made at the 

President's houfe* 

The going of my clock was afcertained in the fame manner 
as at the time of the lunar eclipfe, in March. 

Mr. Caleb Gannett and Mr. William King obferved the eclipfe 
with me. Mr. Gannett and I had the fame telefcopes that we 
ufed for obferving the lunar eclipfe. Mr. King was furnilhed 
with a good reflecting telefcope, the magnifying power of which 
was about 40. At the beginning of the eclipfe the clouds were 
troublefome ; fo that the entrance of the moon upon the fun's 
limb was not feen by us, or by any of the obfervers in Cam- 
bridge. But the clouds difperfed foon afterwards, and the atmof- 
phere became perfectly clear ; fo that we had a very favourable 
time for obferving the end of the eclipfe, which was, 

Apparent Time. 

By Prefident Willard, at 2 h 5i ' 41 " p * M 

Mr. Gannett, 2 51 27 

Mr. King, 2 51 41 

As we were not furnifhed with a micrometer, no other obfer- 
yations, of any confequence, were made by us upon this eclipfe, 
Obfervations of the tranfit of Mercury over the fun's difc, No- 
vember 12/1782, made at the Prefident's houfe. 

The going of my clock was determined, for this phenome- 
non, as for the eclipfes, in the fpring. 

Mr. Caleb Gannett pbferved with me. We were furniflied 
with the fame telefcopes that we made ufe of for obferving the 
eclipfes. Our obfervations were as follow. 





Apparent ' 


Pime. 




ift cxt. cont. 


I ft int. cont. 


ad int. cent. 


ad ext. cont. 


By Pref. Willard, iph 6' 2 7" 


.ic Jl i2 / 37 7/ 


1 1 h 2 3 7 2 ,ff 


ii«29 / 32 // A.M» 


•By Mr. Gannett, 


jo 12 45 


II 23 36 


.11 29 29 



Mean, 10 12 41 11 33 jp u 29 jof 
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— io h i2 / 4i /7 — io h 6' 27^ 
Duration of the tranfit, internal i 10 38 ext. 1 23 3$ 

The ftate of the atmofphere was unfavourable, during the 
tranfit. The limb of the fun appeared ferrated ; fo that it was 
difficult to determine the contacts, with that precision which 
could be wifhed. i 

At the time of the firft internal confa<£t, and for fome itii-i 
nutes after, the limb of 5 , next to the fun's eaftern limb, had 
an oval appearance ; and his limb, next to the weftern limb o£ 
the fun, put on the fame appearance, a. few minutes befpre, and* 
at the time of the fecond intepd contact- 

For . g 's horizontal parallax. 

g's diftance from, the earth 67681 : the fun's diftance from 
the earth 98879 :: the fun's horizontal parallax 8 /; , $$ : g's 
horizontal parallax 12", 49. Therefore, jf.'s horizontal paraj- 
lax from the fun is 3", 94, 

Elements for calculating 5 's parallax from the fun in latitude 
and lpngitude, at Cambridge, at the firft external contaft^ 
November 12, 1782* atio h -6' 27", A. f M.. apparent f tijxie. 
The fun's longitude,* ,7 s - 20^23/ 53^304 

Mercury's geocentric longitude, 7 20 30 12, 078 

Mercury's geocentric latitude, north, 14. 55, 7,54 

The funs right afcenfion, 2.27 $j .5 

The right afcenfion of the mid-heaven, 1 99 3350. 

Angle anfwering to pVZ in Plate, L Fig. L 70 26 10, 
The fun's horary motion, 231,2 

Mercury's geo.hor. mat. iulong. in the ecliptic retro* 3 22, 32 

Mercury's 

# The elements of the fun are calculated from Mfyer's> and thojfe of Mercniy 
$0m M. de la Landed tables, 
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Mercury'sgeo. hor. mot. from the fun in theeclipitc, 5 c 53", 52 
Mercury's geo. hor. motion in latitude increafiftg, 51 > 96 
Tht fun's femiTdkmeter^ 16 12, 2 

Mercury's femi-dkmeter, 5, 1 

Mercury's horizontal parallax from the fun, 3, 94 

The obliquity of the ecliptic, 23 ° 28 1 2 

The^ lat. of Cambridge • reducecl to the Center, 42 8 .37 

Hence, 

The altitude of the nonagefimal degree, 44 24 32 

The longitude of the nonagefimal degree, 5 s - 26 45 44 

Mercury's parallax in latitude from the fun, 2, 807 

Mercury's parallax in longitude from the fun, 2, 224 

At the fecond external contact, at 1 i h > 29' 30-", A.M. 
apparent time ; by calculation, 

Mercury's parallax in latitude from the fun,, 3, 169 

Mercury's parallax in longitude from the fun, j, 280 

The longitude of the nonagefimal degree, at the time both 
of the firft and fecond external contaft, being lefs than the 
longitude of Mercury, the parallax in longitude is to be added 
to Mercury's longitude, in each, to give the vjfible ; and as 
Mercury's motion in tranfits is retroga&e, and the parallax at 
the time of the fecond external contact was greater than at the 
time of the firft, the length of the vifible tranfit-line was 
greater th&n the true, by the difference of the parallaxes. 

The true latitude, at each contad, was diminifhed by the 
parallax in latitude ; and as the geocentric latitude was increaf- 
ing, and the parallax, at the time of the fecond external contaft, 
greater than at the time of the firft, the vifible motion in lati- 
tude Was lefs than the true/ by the' difference of the parallaxes. 

3'* 
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S's parallax in longitude from o, ift ext. cont, 2 ",224 

Dittos 2d, 1, 280 

■ 11 ■■■ < ■ i n 

Difference^ o, 944 

$'a parallax in latitude from ©, ift, 2, 807 

Ditto, 2d, 3> l &9 

D&ftrtnce, o, 362 

jj^tnienfot-bno'sdiicin i h - 23 ^^reduc.totheecl. 8' 9, 376 
DifFertece of parallaxes in longitude, -4- o, 944 

Length of the vif. tranfit- line reduced to the ecliptic, 8 10, 320 

= 49°", 32. 
g 's true motion in latitude in i h ' 23 ' 3V ', 1 n, 928 

Difference of parallaxes in latitude, — o, 362 

Vifibie motion in latitude, in, 566 

= 71", 566 
For the angle of Mercury's vifibie way with the fun in the 
;• 1 ecliptic } : the error of the tables in latitude ; and the time 

of the ecliptic conjun&ion of o's and s/s centers, deduced 

ffpm the times of the external conta&s. 

In Plate IL Fig. Ill, let EDK reprefent half of the fun's 
difip y the diameter EoK a portion of the ecliptic, or rather a 
parallel to it j* J}Ua parallel ==-490", 32 Mercury's vifibie 
mptioii, upon the funs difc, reduced to the ecliptic ; UM Mer- 
cryuf 'a vifibie motion in geocentric latitude, during the time 
Ijgyraen the. two external contafts j confequently, M 2 U, the 
angle mjpited, and gM the vifibie tranfit-line ; the point © 
t|ie fun's center,. at the apparent time of the vifibie conjun&ion 
of ceqters ; oN, perpendicular -to ?M, the vifibie leaft diftance 
©£- centers $ ©D perpendicular to the ecliptic, the. vifibie dif- 
...:~ r r ,.; -. L o tance 

- .,£!*&* diiiance from the ecliptic being equal to the fun's parallax in latitude. 
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tanceof centers, at the time of the vifible ecliptic conjunction ; 
BL© .and Mo the diftance of centers, at the time of the ex- 
ternal contacts, = the fum of the femi-diameter of the fun and 
of Mercury = 977'', 3 ; Cs the vifible difference of latitude 
of the centers, at the time of the firft external contad ; LM 
the vifible difference, at the time of the fecond ; Co = g F the 
vifible difference of longitude of the centers, at the time of the 
yfirft ; and oL at the time of the fecond external con tad:. 
For Ms U, the angle of Mercury's vifible way. 

8U490", 32 : UM 71 ",566 :: Radius : Tangent angle 
M«U 8° *8' 15". 

For $ M, the vifible tranfit line. 

SineM'SU 8' 18' 15" : UM 71", $66 :: Radius : }M 
495'', 512. As g and M© are equal, the perpendicular ©N 
fbifeds 8 M ; therefore, sN and NM are 247", 756 each. 

For angle SfoN. 

©g 977", 3 : Radius :: $N 247", 756 : Sine angle goN 
*4*4i'7''- Add angle NoD = M5 U 8* 18' 15", the fum 
is = angle 3©D = goF = ©sC = 22* 59' 22"; the com- 
plement of which is = angle tf ©C = 67 o' 38". 
For fide C 2 = Mercury's vifible latitude from fun, at the firft 

external contad. 

Radius : © $ 977", 3 :: Sine angle $©C 67° o> 38" : Cg 
$99", 68 = 14' 59", 68 ; to which add the parallax in lati- 
tude 2", 807, and the fum 15' 2", 487 is Mercury's true lati- 
tude by obfervation, at the time of the firft external contact. 
For fide Co, the vifible difference of longitude of the centers of 
the fun and Mercury, at the time of the firft external contact 

Radius : ©5 977, 3 :: Sine angle ©sC 22 59' 22" : Co 
= SF 38 1", 696 ; from which fubtrad 2", 224, Mercury's 

parallax 
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parallax in longitude from the fun, beeaufe his vifible longitude 
was greater than the true, and the remainder, 379% 472,. will, 
be the true difference of longitude. 

Ear the apparent time of the true ecliptic conjun&ion, and 
Mercury's true latitude by obfervation. 
Mercury's ecliptic horary motion upon o'sdifc 353", 52 : r h * 
=r 3600" :: the true difference of longitude 379'', 472 : 3864-!", 
the fpace of time from the firfl external con tad: to the ecliptic 
conjundion, = i h - 4' 244-" ; which, added to io h - 6' 27", 
gives ii^io' S X V> f° r the apparent time of the true ecliptic 
conjunction. 

In i h 4' 24^, Mercury's geocentric latitude was enereafed 
55 "i 774- > w kich, added to 15: 2.", 487, his latitude at the 
ftrft external contad, makes \ 5 ' 5.8", . 261 , for ; Mercury's true 
latitude by obfervation, at the time of the true ecliptic con^ 
j&ndion, by the external contads* 

Dedudions from the internal contads. 
Let the references be to Plate II. Fig. III. the lines 05 
and ©M being fuppofed = the difference of the femi-diameters 
of the fun and Mercury == 967", 1 j and, confequently, the 
tranfit-Iine wholly within the fun's difc, ■, 

5^$ parallaxia^^^ ©, ift int. cont* 

Ditto, 2d,. 

Difference, 

%'s parallax in fetitude from 5 1 ftj 

Ditto; 2d* 

Difference, . o, 308 

S-2 s's 



2" : 


.1.58 


I, 


355 


o» 


803 


2, 


837 


3*. 


- 145 
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r S! , struemot.ono , sdifemi h io'38' i reduc.totheecli. 6 # 56'', 171 
Difference of parallaxes in longitude, -4- o, 803 

Length of the vif. tranfit -line reduced to the ecliptic, 6 56, 974 

= 4^ 974 
S's true motion in latitude in i h -io' 38'% 1 1, 168 

Difference of parallaxes in latitude, — 308 



yifible motion in latitude, 1 o, 86 

.= 60, 86 
Hence, 
MgU, the angle of Mercury's vifible way 8° 18' 15" ; — 
SM, the vifible tranfit-line, 421 ", 392 ; — angle goN 12 $y 
\ H , confequently, goD = soF = o$C 20 53' 16", and 
angle goC 69 ° 6' 44" ; — fide Os, Mercury's vifible latitude 
from the fun, at the time of the firft internal contad, 903'% 
543 = 15' 3", 543 1 which, added to the parallax in latitude 
from the fun, 2 ;/ , 837, gives 15' 6", 38, for Mercury's true 
latitude by observation, at the time of the firft internal contact ,; 
>*— the fide Co, the vifible difference of longitude of the cen- 
ters of the fun and Mercury, 344", 809 j which, leflened by the 
jparaUax in longitude from the fun, 2", 158 gives 342", 651 for 
the true difference of longitude j which, converted into time, 
gives 58' 9f f/ . This added to io h * 12 '41", A. M. gives n 1 *- 
10' 507", for the apparent time of the true ecliptic conjunc- 
tion. 

In 58' 9f", Mercury's geocentric latitude was increafed 50" 
365 j which, added to 15' 6", 38, his latitu^e^t the firft in- 
ternal contaft, gives 15^6", 745, for Mercury's true latitude 
by obfervation, at the time of the true ecliptic conjunction, 
by the internal contacts. 

The 
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Theapparenttime of the true ecliptic conjunction, by the ex- 
ternal contacts, being 11 h - io'^iJj/', and by the internal ones 1 1 *>• 
io'5ot", let us call the time i& ia' 51", when Mercury's 
latitude, by the former, jnuft have been 15' 58", 257, and by 
the latter, 15' 56", 752, the mean of which, 15 ' if, 504, 
may be called Mercury's true latitude by observation, at the 
time of fhe ecliptic conjundtion. By M. de la Landes tables 
it was 15' 51", 524; fo that the error in the tables, by this 
mean, is — 5", 98. 

For Mercury's heliocentric latitude, according to the dbferved 

geocentric latitude. 
Mercury's diftance from the fun, 31 198 : Mercury's diftance 
from the earth 67681 :: Mercury's geocentric latitude at the 
ecliptic conjunction, by obfervation, 15 '57", 504= 957", 504: 
Mercury's heliocent. lat. by obfervation, 2077", .2 = 34' 37", 2. 
For the place of the afcending node by obfervation. 
Let aE, in Plate II. Fig. IV. be a portion of die ecliptic ; 
the point a the place of g 's afcending node j aH portion of 
8 's heliocentric orbit ; the point at g his heliocentric place in 
his orbit, at the time of the ecliptic conjunction, and E his 
place reduced to the ecliptic ; Eg his heliocentric latitude ; 
the angle Ea g the inclination of his orbit, by modern Aftro- 
Bomers generally determined to be 7 o' o". In the right-an- 
gled fpheric triangle Ea g , right-angled at E, there are given 
the angle Ea 2, and the perpendicular or fide Eg, to find the 
bafe or fide aE* 

Radius, 
■: Tang. Eg or g*s heliocentric kt. 34' 37", 2 8 0030458 
:: Tang, Co-inclination g'-s orbit, 83° 00 10 9108562 

4 SinebafeaEorg'sdift^fromafcnode^ 42 16 8 9139020 

As 



142 A S T R O N OMICAL and 

As Mercury's heliocentric motion was in the order of the 
fines, and he had pafied the node, fubtraft this diftance from 
his heliocentric longitude, and the remainder will be the point 
a of the ecliptic, or place of Mercury Vafcending node. 

Mercury's heliocentric longitude, i s - 20 ° 26 ' 36" 

Subtract 2 's diftance from a, 4 42 *6 

Place of s's afcending node by observation, 1 15 44 20 
Ditto by M. de la Lande's tables, 1 15, 45, 5& 






